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ABSTRACT 

The optimum so la r  pond design is site-dependent 
and application-dependent. Foremost of the design de- 
c i s ions  is the choice of a s a l t y  (nonconvecting) pond 
o r  a s a l t l e s s  (convecting) pond. The decision vari- 
ables  are: l oca l  a v a i l a b i l i t y  and cos t  of salt, type 
of s a l t  avai lable  and i ts  propert ies,  and possible en- 
vironmental fac tors  such a s  the e f f e c t s  of s a l t  run- 
of f  and the existence of ground water. 

The a v a i l a b i l i t y  of s a l t  is an important fac tor  
i n  determining the economics of s a l t y  ponds. For ex-- 
ample, sodium s u l f a t e  is a po ten t i a l ly  low-cost sub- 
s t i t u t e  f o r  sodium chloride,  and is expected t o  be i n  
p l e n t i f u l  and widely d i s t r ibu ted  supply i n  the near 
fu ture  a s  a waste product of f l u e  gas desul fur iza t ion  
a t  coal-fired u t i l i t y  plants. This paper discusses 
the  po ten t i a l  supply of such s a l t s  and est imates the  
break-point i n  net cos t  of s a l t  a t  which a convecting 
pond becomes economically competitive with the  s a l t y  
pond. I 

;TRE SALTY SOLAR POND has been analyzed and tes ted  i n  
I s r a e l  (I*) and the United S ta t e s  (2,3). It has been 
shown t o  be a technically v iable  and economically ad- 
vantageous method of producing thermal energy and 
s to r ing  it fo r  long in tervals .  

The economics of the s a l t y  s o l a r  pond depend 
.heavi ly  on the local  a v a i l a b i l i t y  and pr ice  of s a l t .  
I n  many pa r t s  of the world, such a s  near the Dead Sea 
i n  I s r a e l  and near the Great S a l t  Lake i n  Utah, s a l t  
is avai lable  f o r  v i r t u a l l y  nothing. In  other loca les  
the  pr ice  is qu i t e  s ign i f i can t .  Since something on 
the order of one-half t o  severa l  tons of s a l t  a r e  re- 
quired per square metre of s a l t y  pond, the price of 
the oa l t  ccn be the dominant port ion of the prire nf 
t he  pond. 

Where s a l t  is expensive, a s a l t l e s s  so l a r  pond 
may be more economical than a s a l t y  pond. The econom- 
ics of the s a l t l e s s  pond, though not qu i t e  as  a t t r ac -  
t i v e  a s  those of the s a l t y  pond when s a l t  is f r e e  o r  
inexpensive, a r e  s t i l l  more favorable than the econom- 
i c s  of o ther  low-temperature s o l a r  co l l ec t ion  tech- 
niques. The s a l t l e s s  pond is a l so  a t t r a c t i v e  because 
i t  does not present the environmental hazard of s a l t  

' runoff . 
'THE SALTY SOLAR POND 

The s a l t y  so l a r  pond uses dissolved s a l t  t o  estab- 
l i s h  a concentration gradfent .  The s a l i n i t y  var ies  
from near zero a t  the surface to  a high l eve l  a t  a me- 
t r e  o r  two depth. This concentration gradient ,  by 
preventing v e r t i c a l  convection within the pond, ena- 
bles the lower depths of the pond t o  r e t a i n  absorbed 

*Numbers i n  parentheses designate references a t  end of 
paper. 

s o l a r  heat  which would otherwise be l o s t  from the e u r  
face t o  the ambient a i r .  Many s a l t s  can be used, but 
the  most comaOn tha t  have been used i n  so l a r  ponds a r e  
sodium chlor ide  and magnesium chloride.  Desirable 
proper t ies  f o r  these s a l t s  a r e  increasing s o l u b i l i t y  
i n  water with increasing temperature and high trans- 
parency t o  so l a r  radia t ion  i n  water solution.  Sodium 
su l f a t e ,  because it is a byproduct of f l ue  gas s c r u b  
bing, is an a t t r a c t i v e  candidate. I n  general, i t  is 
more important t ha t  the s a l t  be readi ly  ava i l ab le  and 
inexpensive than tha t  i t  have optimal physical proper- 
ties. 

There is usually a "storage layer" near the  bot- 
tom of the s a l t y  pond i n  which the s a l t  concentrat ion 
does not vary and where v e r t i c a l  convection takes  
place. Above t h i s  is the "nonconvective layer"  OF 
about 1 o r  I-1/2 m i n  thickness. This nonconvecting 
l aye r  provides excel lent  insula t ion  fo r  the s to rage  
layer,  st the same time t ransmit t ing  about 25% of the  
so l a r  r ad ia t ion  and s to r ing  some of the energy ab- 
sorbed. 

LOW COST SALTS FOR SOLAR PONDS 

The cos ts  of s a l t s  for  a s o l a r  pond represent  a 
s i zab le  f r ac t ion  of the t o t a l  i n i t i a l  investment. De- 
pending upon the design d e t a i l s  and the proximity t o  a 
source of s a l t ,  a typica l  NaCl s a l t  pond clay requi re  
30% t o  60% of the i n i t i a l  investment fo r  the  i n i t i a l  
charge of NaCl ( 4 , 5 ) .  Therefore, the i d e n t i f i c a t i o n  
of su i t ab le ,  low cost  a l t e rna t ive  s a l t s  could s t rong ly  
a f f e c t  the overa l l  economic f avorab i l i t y  of a s a l t  
pond. 

A su i t ab le  s a l t  m e t  meet seve ra l  c r i t e r i a :  

a it must be adequately soluble (vf th  a s o l u b i l i t y  
t h a t  increases with temperature; 

a its solu t ion  must be adequately transparent  t o  so- 
lar radiat ion;  

a it must be widely avai lable ,  so t h a t  its transpor- 
t a t i o n  cos ts  do not o f f s e t  the advantages of i t s  
low purchase costs; and 

it must be environmentally benign. 

The amount of s a l t  required and its necessary sol- 
u b i l i t y  and op t i ca l  cha rac t e r i s t i c s  cannot be estab- 
l i shed theo re t i ca l ly  because the understanding of s ta-  
b i l i t y  i n  a s t r a t i f i e d  pond is not very w e l l  developed 
(6). However, ce r t a in  su f f i c i en t  condit ions f o r  pond 
s t a b i l i t y  can be inferred by analogy with successful  
NaCl ponds, and the ove ra l l  thermal performance of a 
s a l t y  pond can be simulated by computer modeling when 
the s o l u b i l i t y  and op t i ca l  proper t ies  of the a l te rna-  
t i v e  s a l t  a r e  known. 

A typica l  NaCl pond has a so lu t ion  concentrat ion 
ranging from nearly zero a t  the surface t o  a maximum 
of 17 weight percent i n  the s torage  layer. This cor- 
r e s  onds t o  a density gradient  of only about 0.05 g 
cm-' per metre depth. An a l t e r n a t i v e  s a l t  having a 
s imi lar  or  lower d i f f u s i v i t y  and which can provide a 
similar density gradient  a t  operating temperatures 
should a l s o  produce a s t ab le  s t r a t i f i c a t i o n .  Fig. 1 
shows the s o l u b i l i t y  of some candidate sa l t s .  I n  a l l  
cases, the d i f  f u s i v i t i e s  of the a l t e r n a t i v e  s a l t s  a r e  

' lower than tha t  of NaCl and the temperature dependence 
of s o l u b i l i t y  is greater .  Therefore, a concentratior: 
suf i c i e n t  t o  produce a density gradient  of 0.05 ,g 
cm-' per metre depth in  a typica l  operating tempera- 
t u re  gradient ( q O ° C  f ') should provide a s  grea t  or  
grea ter  pond s t a b i l i t y  a s  would the NaCl s a l t .  

Table 1 summarizes some proper t ies  of the candi- 
da te  s a l t s .  Costs a r e  only approximare s ince  they 
vary subs t an t i a l ly  with location and time because of 
transportat ion costs; I~owever, it i s  c l ea r  t ha t  only 
those s a l t s  t ha t  can be obtained a s  "waste" products 
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o f f e r  subs t an t i a l  economic advantage. The magnesium 
chlor ide  "b i t te rns"  a r e  ava i l ab l e  from p lan t s  which 
r e f i n e  HaCl, and these s i t e s  a r e  numerous (Fig. 2). 
Sodium s u l f a t e ,  however, has t he  po ten t i a l  f o r  much 
more widespread a v a i l a b i l i t y  i n  the next few years  a s  
a waste product from f lue  gas desul fur iza t ion  a t  coal- 

40 - f i r e d  power plants .  
Enforcement of ex ia t ing  EPA a i r  qua l i t y  standards 

w i l l  requi re  a l l  new coal-f ired power p lants  and most 
gas- and o i l - f i r ed  power p lants  which w i l l  be 
converted t o  coal  (as  required by the National Energy 
Act) t o  have some f l u e  gas desul fur iza t ion .  Severa l  
d i f f e r en t  desul fur iza t ion  processes a r e  under develop- 
ment by indus t ry  and evaluation by EPBI (7); two of 
the  most promising use Ha CO and/or NaUC03 and 
produce %SO4 a s  a f l u e  .$s 3desulturizat ion ( F a )  
waste product. These processes a r e  being developed by 
jo in t  ventures of Joy I n d u s t r i a l  Equipwnt Company 
with Niro Atomizer Company (8) and Wheelabrator-Frye, 
Inc., with Rockwell In t e rna t iona l  (9). 

The quan t i t i e s  of FGD waste produced by a p l a n t  
a r e  enormous. A t yp i ca l  500 m e  plant  (burning 0.2% 
s u l f u r  coal)  would produce approximately 250 tons of 
FGD waste per day. Hundreds of o i l -  and gas-fired 
power p lants  around the  country a r e  po ten t i a l  f u t u r e  
s i t e s  f o r  production of the FGD waste. I n  the  south- 
western United S t a t e s  alone the  capacity of such can- 
d ida t e  p lants  is g rea t e r  than 76 GWe, and these p l an t s  
a r e  widely dispersed around the  countryside with about 

0, I I 1 I I I I I I 1 - 50% i n  r u r a l  a reas  near po t en t i a l  s o l a r  pond sites. 
0 20 40 80 80 100 Thus FGD waste s a l t  may meet coat and a v a i l a b i l i t y  

Tempomturc (* C) c r i t e r i a  i n  the future.  
Prel iminary measurements a t  SERI ind i ca t e  t h a t  

EVAPORATED 
X ROCK 

SOLAR 

Pig. 2. - S a l t  production s i t e s  i n  the U.S. and Canada(1b) 
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T a b l e  1 - P r o p e r t i e s  of Cand ida te  S a l t s  
Cos t  

S a l t  - Formula Source  ($/103kg) Comments 

Sodium NaCl 
c h l o r i d e  

( s e e  F ig .  2 )  20 

Sodium . Na2COj . H20 s y n t h e t i c  96 E n s f  c o a ~ t  p r i c e  
c a r b o n a t e  (Solvay P r o c e s s )  

a s  Trona 61 Wyoming p r i c e  
(Green R ive r ,  Wy .) 

ae Trona 70 C a l i f o r n i a  p r i c e  
(Green R ive r ,  By.) 

Sodium NaHC03 N a h c o l i t e  (-35)* Byproduct o f  o i l  
B i c a r b o n a t e  (P iceance  Creek s h a l e  mining 

Basin ,  Wy.) ( n o t  y e t  i n  pro- 
d u c t i o n )  

Sodium Na2S04 "salt cake"  47 E a s t  c o a s t  p r i c e  
s u l f a t e  

"salt cake" 45 West c o a s t  p r i c e  

as F l u e  Gas (Q)* P r i c e  depends on  
D e s u l f u r i z a t i o n  was te  p rox imi ty  of 

o t h e r  a a r k e t s  

Magnesium MgC12 s a l t  p l a n t s  140  99% pure ,  hydra- 
c h l o r i d e  ( s e e  P ig .  2) t e d  s a l t  

a s  b i t t e r n s  (*)* Waste p r o d u c t  
( s e e  F ig .  2) a l s o  c o n t a i n i n g  

o t h e r  s a l t s  ( n o t  
*Est imated p r i c e s  normal ly  s o l d ) .  

s o l u t i o n s .  Fig .  3 shows t h e  measured o p t i c a l .  e x t i n c -  t r o l l e 3 ,  t h e  s a l t l e s s  pond must have more the rma l  -8s 

t i o n  c o e f f i c i e n t  of a  FGD salt  i n  s o l u t i o n  and a  c o p  than  t h e  s a l t y  pond; i . e . .  I t  must be made deepe r .  
p a r i s o n  Of t h e  s o l a r  a b s o r p t i o n  i n  a  FGD was te  s a l t  The i n s u l a t i o n  added a t  n i g h t  and d u r i n g  p e r i o d s  
pond ( c a l c u l a t e d )  v i t h  a  nev NaCl pond (measured). of low i n s o l a t i o n  can be a p p l i e d  t o  t h e  s a l t l e s s  pond 
The a c t u a l  o p t i c a l  c l a r i t y  of an  o p e r a t i n g  NaCl pond i n  a  v a r i e t y  of  ways. The pond s u r f a c e  can be perna- 

i s  much poore r ,  bu t  q u a n t i t a t i v e  d a t a  a r e  no t  a v a i l -  n e n t l y  i n s u l a t e d  wi th  wa te r  c i r c u l a t e d  t o  c o l l e c t o r s  
a b l e .  The FGD s a l t  s o l u t i o n  a p p e a r s  t o  meet t h e  re- d u r i n g  p e r i o d s  of s u f f i c i e n t  s o l a r  r a d i a t i o n .  I n s u l a -  
qu i r emen t s  f o r  o p t i c a l  c l a r i t y  bu t  may no t  perform a s  t i o n  can be sp read  manually ove r  t h e  top  of  t h e  pond. 
v e l l  a s  NaCl. Con t inu ing  expe r imen t s  a t  SERI w i l l  re- Another i d e a  is t o  have a  " l i d "  propped above t h e  
s o l v e  t h e s e  q u e s t i o n s .  pond, w i t h  a  r e f l e c t o r  on i ts u n d e r s i d e  t o  r e f l e c t  ad- 

The env i ronmen ta l  a c c e p t a b i l i t y  of FGD s a l t s  re- d i t i o n a l  r a d i a t i o n  i n t o  t h e  pond; t h e  l i d  would be 
mains a  moot q u e s t i o n .  The Resource  Conse rva t ion  and lowered t o  cap  t h e  pond whenever i n s o l a t i o n  is i n s u f -  
Recovery AcK of 1976 r e q u i r e s  t h e  €PA t o  i d e n t i f y  haz- f i c i e n t .  One promis ing s u g g e s t i o n  is t o  use  l i q u i d  
a rdous  was te s .  F l y  ash  and f l u e  gas  s c r u b b e r  s l u d g e s  foam i n s u l a t i o n .  Th i s  m a t e r i a l ,  which has  been used  
may be  s o  d e s i g n a t e d  (10).  I f  s o ,  then t h e  FGD s a l t  e f f e c t i v e l y  f o r  n i g h t  i n s u l a t i o n  i n  g reenhouses ,  can 
may r e q u i r e  some p u r i f i c a t i o n  b e f o r e  i t  can be used i n  be sp rayed  i n  the  evening and s imply a l lowed t o  c o l -  
s o l a r  ponds. How t h i s  p u r i f i c a t i o n  might a f f e c t  l a p s e  and run o f f  i n  t h e  morning. 
a v a i l a b i l i t y ,  c o s t ,  and p r l ru rmance  romaine tn ha de- The s a l t l e s s  pond i s  convec t ing ,  and t h e r e f o r e  t h e  
termined.  t e m p e r a t u ~ r  of tho  v o t e r  is n e a r l y  t h e  same a t  t h e  

s u r f a c e  and a t  t h e  bottom. ( S t r a t i f i c a t i o n  i s  a pus- 
s i b i l i t y  under some c i r cums tances  which would need t o  
be avo ided . )  Hence t h e  p o t e n t i a l  f o r  s u r f a c e  l o s s e s  

THE SALTLESS SOLAR POND and f o r  "edge l o s s e s "  th rough  t h e  su r round ing  ground 
is g r e a t e r  t han  i n  t h e  s a l t y  pond. Edge l o s s e s  i n  t h e  

The s a l t l e s s  s o l a r  pond is  a  s imple  i d e a ,  a s  y e t  s a l t l e s s  pond m y  be ~ a r t i c u l a r l y  s i g n i f i c a n t  n e a r e r  
v i r t u a l l y  u n t r i e d .  The s a l t l e s s  s o l a r  pond, having no t h e  pond s u r f a c e ,  where t h e r e  is l e s s  d i s t a n c e  fo r  

t h i c k ,  nonconvect ing l a y e r  t o  i n s u l a t e  it from the  am- h e a t  t o  t r a v e l  from the  pond edge t o  the  ground sur-  

b i e n t  a i r ,  must have g l a z i n g s  ove r  t h e  top i n s t e a d .  f a c e .  To r e t a r d  t h e s e  edge l o s s e s  i t  may be e f f e c t i v e  

I n  a d d i t i o n ,  i t  should  h a v ~  e x t r a  i n s u l a t i o n  p l aced  t o  "bury" t h e  pond s l i g h t l y - t h a t  is, t o  f i l l  t h e  pond 

ove r  t h e  top  a t  n i g h t  and d u r i n g  p e r i o d s  of low inso-  t o  a l e v e l  somewhat below t h e  s u r f a c e  of t h e  e a r t h . *  

l a t i o n .  
Because the pond has less  e f fec t ive  in- *The s a l t l e s s  s o l a r  pond d i s c u s s e d  h e r e  i s  s t i l l  con- 

s u l a t i o n  from t h e  ambient a i r  than does  t h e  s a l t y  c e p t u a l  and has  not  been t e s t e d  a d e q u a t e l y .  I t  
pond, i t  l o s e s  more h e a t .  A t  t h e  same t ime,  because  shou ld  not  be confused w i t h  t h e  sha l low s o l a r  pond 
t h e  t r a n s m i s s i v i t y  of i t s  s u r f a c e  g l a z i n g s  i s  h i g h e r  proposed and t e s t e d  by Lawrence Livermore Labora to -  
t h a n  t h a t  of t he  nonconvect ing i n s u l a t i n g  l a y e r  i n  t h e  r i e s  (15). The Lawrence Livermore  ponds a r e  ve ry  
s a l t y  pond, tile s a l t l e s s  pnnd r e c e i v e s  more i n s o l a -  s h a l l o w  (abou t  1 3  crn) wa te r  l a y e r s  encased i n  p l a s t i c  
t i o n .  The n e t  e f f e c t  is t h a t  t h e  s a l t l e s s  pond 1s bags.  I h e  v a c e r  alust bc p u n p ~ d  t o  s e p a r a t e  s t o r a g e  
more s e n s i t i v e  than the  s a l t y  pond t o  f l u c t u a t i o n s  i n  t anks  a t  t imes  of lov i n s o l a t i o n .  The economic a t -  
arnblent t empera tu re  and i n s o l a t i o n .  Thus ,  a  s a l t  l e s s  t r a c t i v e n e s s  of t h e s e  ponds is  marred by t h e  h lgh  
pond wi th  t h e  same thermal  mass a s  a  s a l t y  pond w i l l  c o s t  of plumbing and s e p a r a t e  s t o r a g e .  The s h a l l o w  
e x p e r i e n c e  wide r  v a r i a t i o n s  i n  s t o r a g e  t empera tu re .  s o l a r  pond i s  e f f e c t i v e  mainly  f o r  summer peaking 
I f  t h e s e  t empera tu re  f l u c t u a t i o n s  a r e  t o  be con- loads .  

3 
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Fig .  3a.  - O p t i c a l  abso rbance  of  sodium s u l f a t e  f l u e  
g a s  d e s u l f u r i z a t i o n  (FCD) s a l t  i n  s o l u t i o n  

0 Fresh NaCI Pond (ref. 10) - FGD Salt Pond (calculaled) 

Depth (meters) 
, . 
Fig .  3b. - Absorp t ion  v e r s u s  dep th  i n  a t y p i c a l  s o l a r  
(NaCl) pond and t h e  c a l c u l a t e d  a b s o r p t i o n  i n  a  FGD 

, s a l t  pond w i t h  s i m i l a r  s a l t  g r a d i e n t  (13) 

PERFORHANCE COMPARISON 

A .computer s i m u l a t i o n  was run of  a  h y p o t h e t i c a l  
s a l t y  s o l a r  pond a t  Rarstow, C a l i f .  Employing a  f i -  
n i t e  element model of t he  pond (16 ) ,  t h e  s i m u l a t i o n  
took i n t o  accoun t  edge l o s s e s  and ground s t o r a g e  a s  
w e l l  a s  l o s s e s  througll t h e  s u r f a c e ,  l o s s e s  t o  t h e  
ground, and pond s t o r a g e .  

The pond was assumed t o  be 30 m i n  d i a m e t e r ,  
rough ly  t h e  s i z e  t h a t  could  be used t o  h e a t  a  s m a l l  
group of houses.  The pond was assumed t o  have a  s t o r -  
age  l a y e r  1 m i n  dep th ,  a  nonconvect inp l a y e r  1.5 m i n  
t h i c k n e s s ,  and a  s u r f a c e  convec t ing  l a y e r  0.3 m t h i c k .  
(The s u r f a c e  convec t ing  l a y e r  is caused by wind turbu-  
l e n c e  and e v a p o r a t i o n  and canno t  be avo ided . )  No in-  
s u l a t i o n  around the  pond was assumed excep t  t h a t  pro- 
v ided  by the  ground i t s e l f .  

I t  was f u r t h e r  assumed t h a t  a  c o n s t a n t  load of 
62,832 W (50 w / m 2  of  pond s u r f a c e  a r e a )  was e x t r a c t e d  
from the  pond. 

The s i m u l a t i o n  shoved t h a t  t h e  a 'verage a n n u a l  
t empera tu re  of  t h e  pond's s t o r a g e  l a y e r  would be 61°C. 
It would reach a  maximum of 81°C abou t  mid-August and 
a minimum of 41°C i n  mid-February. 

Next,  a  s a l t l e s s  s o l a r  pond was s i m u l a t e d  a t  t h e  
same l o c a t i o n .  The s a l t l e s s  pond vas  assumed t o  be 

c o n v e c t i n g  w i t h  t h e  same t empera tu re  ma in ta ined  
th roughou t .  It was assumed t o  have g l a z  ngs ove r  t h e  
t o p  wi th  a  h e a t  l o s s  c o e f f i c i e n t  of 3  W/J°C  and add i -  
t i o n a l  n i g h t  i n s u l a t i o n  r e s u l t i n g  i n '  a  n i g h t t i m e  h e a t  
l o s s  c o e f f i c i e n t  of 1 w/m2"c.  T h e r e f o r e  t h e  s u r f a c e  
h e a t  l o s s  c o e f f i c i e n t  ave raged  about  , 2  w/m2"c .  

T r a n s m i s s i v i t y  of t h e  s u r f a c e  g l a z i n g  t o  s o l a r  
r a d i a t i o n  was assumed t o  be 0.65. 

By an  i t e r a t i v e  modeling p r o c e s s ,  , a  s a l t l e s s  SO- 
l a r  pond was found which would have n e a r l y  t h e  same 
. t empera tu re  p r o f i l e ,  under  t h e  same 50 w/m2 c o n s t a n t  
l oad ,  a s  t h e  s a l t y  pond. The s a l t l e s s  pond would be  
3 0  i n  d i ame te r  and would have on ly  ground insu la - '  
t fon - - l ike  t h e  s a l t y  pond-but vould  be 10  m deep ,  
much deepe r  than  t h e  s a l t y  pond. As no ted ,  t h e  add i -  
t i o n a l  depth--i.e., t h e  a d d i t i o n a l  t he rma l  mass-is 
r e q u i r e d  t o  even o u t  t h e  t empera tu re  f l u c t u a t i o n s  i n  

, t h e  s a l t l e s s  pond. 
5 A computer s i m u l a t i o n  run on t h e  s a l t l e s s  pond 
: showed t h a t  i t s  a v e r a g e  t empera tu re  would be 60°C. 
Its maximum tempera tu re ,  reached i n  August,  would be 

s 80°C and i t s  mininum tempera tu re ,  i n  mid-February, 
would be 40°C. Thus its t empera tu re  p r o f i l e  through- 
o u t  t h e  y e a r  would be much l i k e  t h a c  of t h e  s a l t y  
pond. 

F ig .  4  shows t h e  t empera tu re  p r o f i l e s  of t h e  two 

90 
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I 

: 60 - 
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F i g .  4. - Annual t empera tu re  p r o f i l e s  f o r  s a l t y  and 
s a l t l e s s  s o l a r  ponds a t  Barstow, C a l i f .  

ECONOMIC COEIPARISON 

A t  t h e  p r e s e n t  s t a g e  of t h e i r  development,  s o l a r  
pond c o s t s  can be o n l y  roughly  e s t i m a t e d .  These  
e s t i m a t e s  w i l l  s e r v e ,  however, t o  s u g g e s t  economic 
comparisons between t h e  s a l t y  and s a l t l e s s  ponds. 

C a p i t a l  expenses  f o r  t h e  s a l t y  s o l a r  pond i n c l u d e  
excava t ion  expense ,  t he  c o s t  of a  b lackened l i n e r  f o r  
t h e  bottom of t h e  pond, and t h e  c o s t  of t he  s a l t .  

The s a l t y  pond is  30 m i n  d i a m e t e r  and 2 .8  m 
deep,  s o  t h a t  a t  an  e x c a v a t i o n  c o s t  of $2/m3, t h e  
t o t a l  e x c a v a t i o n  c o s t  would be S4000. o r  abou t  
$5.60/n2 of pond s u r f a c e  a r e a .  The l i n e r  For t h e  bot- 
tom of the  pond must be d u r a b l e  m a t e r i a l  l i k e  Hypa- 
Ion@, a t  a  c o s t  of 510/m4 o r  about  $8,000 f o r  t h e  en- 
t i r e  pond ( i n c i ~ ~ d i n g  s i d e s ) .  

The s a l t y  pond used i n  t h e  s f m u l a t i o n s  would re- 
q u i r e  about 1 .1  tons  of s a l t  pe r  s q u a r e  metre  of pond 
s u r f a c e  a r e a .  The c o s t  of  s a l t  v a r i e s  wide ly  w i t h  
p rox imi ty  t o  the  supply  and may be t r e a t e d  a s  a  v a r i -  
a b l e  i n  economic compar isons  wi th  t h e  s a l t l e s s  pond. 



. C a p i t a l  expenses  f o r  t h e  saltless s o l a r  pond i n -  
c l u d e  e x c a v a t i o n  expense ,  t h e  c o s t  of  t h e  l i n e r ,  t h e  
c o s t  of t h e  s u c f a c e  s t r u c t u r e  and g l a z i n g s ,  and t h e  
c o e t  f o r  n i g h t  i n s u l a t i o n .  

The s a l t l e s s  pond which y i e l d e d  approx ima te ly  t h e  
same o u t p u t  a s  t h e  s a l t y  pond was 1 0  m deep. A t  a  
c o s t  of m3 t h e  e x c a v a t i o n  expeuse  1s a o u t  $l!1,000 
or $20/m32/of pond s u r f a c e  a r e a - 0  more t h a n  
t h e  s a l t y  pond.' However t h e  c o s t  of t h e  l i n e r  could  2 be reduced t o  about  S2/m due t o  t h e  much reduced r e -  
qu i r emen t  f o r  r e t a r d a t i o n  o f  l e a k a g e .  F o r  t h e  e n t i r e  
pond, t h e  l i n e r  c o s t  would be abou t  $1,600. 

The c o s t  of t h e  s u r f a c e  s t r u c t u r e  and g l a z i n g s  
'depends  upon t h e  means of implementat ion.  One poss i -  
l b l e  scheme is t o  have a l a t t i c e  s t r u c t u r e  t h a t  would 
' b e  p l aced  o v e r  t h e  t o p  of  t h e  pond. To t h i s  s t r u c t u r e  
vou ld  be  f a s t e n e d  s e c t i o n s  of doub le - l aye red  p l a s t i c  

: f i l m  g l a z i n g ,  i n f l a t e d  by a i r  a t  low p r e s s u r e .  Fo r  
2 . t h i s  d e s i g n  a conse ' rva t ive  coot of $ 1 0 1 ~  is  assuned.  

I f  l i q u i d  foam i n s u l a t i o n  were used f o r  n i g h t  i n -  
s u l a t i o n ,  i t  could  be sp rayed  i n t o  t h e  s p a c e  between 
t h e  i n f l a t e d  p l a s t i c  g l a z i n g s .  The c o s t  of t h e  1 q u i d .  1 foam g e n e r a t i n g  equipment ave rages  l e s s  than  $l/m . 

Tab le  2  eummaricen rough c o s t s  f o r  t h e  s a l t y  and 
t h e  s a l t l e s s  pond. 

At a  s a l t  c o s t  of  $16.40/m2 pond s u r f a c e  a r e a  t h e  
: c o s t  f o r  t h e  s a l t y  pond e q u a l s  t h a t  of t h e  s a l t l e s s  
pond. S i n c e  1.1 t o n s  of s a l t  a r e  r e q u i r e d  f o r  each  

, squa re  metre  of  pond s u r f a c e  a r e a ,  t h e  break-even 
p r i c e  f o r  s a l t  is $14.90 pe r  ton. At a  c o s t  of s a l t  

! l ower  than  t h i s ,  t h e  s a l t y  pond is more economical .  
i At a  c o s t  of s a l t  h i g h e r  than  t h i s ,  t h e  s a l t l s s s  pond 
! i s  more economical.  For t h e  $33.30/m2 c o s t  of t h e  
; sal l e s s  pond, t h e  c a p i t a l  c o s t  f o r  ene rgy  a t  t h e  50 3 ' ~ / m  e x t r a c t i o n  r a t e  is  $666/kWthermal. 

There  has  been i n s u f f i c i e n t  working e x p e r i e n c e  
. w i t h  s o l a r  ponds ' t o  p rov ide  a  good e s t i m a t e  o f  
: o p e r a t i o n  and maintenance c o s t s .  With t h e  s a l t y  pond. 
j t h e r e  i s  a  r equ i remen t  f o r  f r e q u e n t  maintenance t o  
i p r e s e r v e  t h e  s a l t  c o n c e n t r a t i o n  g r a d i e n t  and t o  
] m a i n t a i n  wa te r  c l a r i t y .  There  is no r eason  t o  e x p e c t  
1 h i g h e r  o p e r a t i o n  and maintenance c o s t s  w i t h  t h e  
; s a l t l e s s  pond than  wi th  t h e  s a l t y  pond. I n  f a c t ,  
1 t h e r e  is reason  t o  expec t  t h e s e  c o s t s  t o  be lower w i t h  
' t h e  s a l t l e s s  pond s i n c e  f t  is covered and has  no s a l t  
I g r a d i e n t  t o  ma in ta in .  

S W Y  AND CONCLUSION 

j The s o l a r  pond is an economical  way of producing 
low t empera tu re  rhel.mal energy.  I f  thc. c o s t  of s a l t  

: a t  t h e  pond s i t e  is more than  $15 pe r  ton ,  a  s a l t l e s s  
pond d e s i g n  may be more economical  t han  a  s a l t y  pond. 
The s a l t l e s s  pond has  t h e  f u r t h e r  advan tage  of pos ing  

' n o  env i ronmen ta l  hazard  whereas s a l t  runoff  from t h e  
s a l t y  pond may be env i ronmen ta l ly  u n a c c e p t a b l e  i n  some 
c i r cums tances .  
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